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ABSTRACT
We present an HIV-infected woman 
in whom antiretroviral treatment with 
tenofovir disoproxil fumarate (TDF) 
induced severe skeletal pain, synovial 
effusions and multiple fractures sec-
ondary to a Fanconi syndrome with 
hypophosphatemia and osteomalacia. 
TDF interferes with the replication of 
mitochondrial DNA in the proximal tu-
bules of the kidney, which can explain 
the delayed onset of this form of renal 
phosphate loss. Nephrotoxicity had 
been precipitated by cotreatment with 
lopinavir/r, an HIV protease inhibitor 
which increases tenofovir serum levels 
and inhibits the tubular multidrug re-
sistance protein 4, which is responsible 
for the efflux of tenofovir from tubular 
cells.
Awareness is needed to link the typical-
ly prolonged onset of clinical symptoms 
with TDF exposure and then establish 
the correct diagnosis.

Introduction
HIV-infected patients often receive 
medication for lifetime in order to in-
hibit viral replication. Some of the 
antiretrovirals used are nucleoside 
or nucleotide analogues which have 
been designed to inbit HIV-reverse 
transcriptase. Side effects from the 
prolonged use of this class of HIV-in-
hibitors may arise from the fact that 
they also interfere with the function of 
polymerase-gamma, a human polymer-
ase required for the replication of mito-
chondrial DNA (1).
We present a case of severe whole body 
pain with multiple microfractures, syn-
ovial effusions, renal dysfunction and 
hypophospataemia in an HIV-infected 
patient. The symptoms were due to os-
teomalacia secondary to the prolonged 
use of tenofovir disoproxil fumarate 
(TDF), a nucleotide analogue HIV-re-
verse transcriptase inhibitor. We would 
like to raise awareness of this so far 
rare complication of TDF administra-
tion and point out that skeletal pain may 
be an increasingly frequent side effect 
because it may be triggered when TDF 
is given in combination with ritona-
vir-boosted lopinavir (lopinavir/r) an 
HIV-protease inhibitor now commonly 
used.

Case report
In July 2007, a 62-year-old white 
woman was referred to our rheuma-
tology service with a 6-month history 
of progressive and immobilizing pain 
involving the back, knees and ankles. 
Her pain was exacerbated upon exer-
cise and permitted ambulation only 
with the aid of a cane. Her previous 
medical history was remarkable for 
an episode of acute renal failure due 
to exsiccosis at 53 years of age. HIV 
infection was diagnosed at 54 years of 
age (CDC stage B2), shortly prior to 
the institution of antiretroviral therapy. 
Following HIV treatment with didano-
sine, stavudine and nelfinavir, the pa-
tient had developed side effects such 
as lipoatrophy and polyneuropathy, 
prompting a switch of antiretrovirals 
to abacavir, didanosine and lopinavir/r 
in 2005. In July 2006, didanosine had 
been exchanged for TDF (300 mg every 
72 hours).
On physical examination the patient 
presented with kachexia (BMI 14.9 kg/
m2). There was pain upon compression 
of the rib cage and the pelvis and effu-
sions in both ankle joints, but no other 
signs of arthritis. 
The laboratory revealed moderate ane-
mia (Hb 11.2 g/dL) and severely im-
paired renal function (Table I). There 
was considerable proteinuria (1.6 g/L), 
predominantly of tubular origin. Serum 
organic phosphate was low and alka-
line phosphatase high but 25-OH-vita-
min D was within normal limits. The 
ankle joint fluid contained 850 cells/μl 
and no crystals or bacteria. Antinuclear 
antibodies were negative. There was no 
detectable HIV replication; CD4+ cells 
were 674 per μl. 
Radiographs of the skeleton were es-
sentially normal. Skeletal scintigraphy 
using 99mTc-dicarboxypropane diphos-
phonate (DPD) revealed an enhanced 
tracer uptake at the bone-cartilage 
junctions of most ribs, the right femur 
neck and both knee joints. Further-
more, there was early enhancement of 
both medial and distal tibiae and the 
forefoot (Fig. 1).
Osteomalacia was diagnosed and TDF 
nephrotoxicity was identified as the 
most likely cause. After replacement 
of TDF by another antiretroviral agent 
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(saquinavir) in August 2007, pain and 
joint effusions improved rapidly; after 
three months, all symptoms had van-
ished completely. After discontinuation 
of tenofovir,serum phosphate and alka-
line phosphatise normalised and renal 
function improved (Table I).

Discussion
To our knowledge, only two further 
reports have described symptomatic 
osteomalacia due to TDF nephrotoxic-
ity in humans (2, 3). TDF is a prodrug 
which allows for a high bioavailabil-
ity of tenofovir, a nucleotide analogue 
HIV reverse transcriptase inhibitor in 
the serum. Tenofovir is eliminated by 
glomerular filtration and tubular secre-
tion in the kidney. For this purpose, 
tenofovir is actively taken up from the 
bloodstream into the proximal tubule 
cells by the human renal organic anion 
transporters 1 and 3. Efflux from these 
cells into the tubular lumen is medi-
ated by the multidrug resistance pro-
tein 4 (MDR-4) (4). Excessively high 
intracellular tenofovir concentrations 
locally interfere with the replication of 
mitochondrial DNA, a molecule which 
is necessary for the function of the tu-
bular respiratory chain (5, 6). Thus, an 
acquired mitochondrial dysfunction in 
the kidney due to TDF may be patho-
genetically similar to the Fanconi syn-
drome which is observed with inherited 
mutations in mitochondrial DNA (7).
In animals, supratherapeutic doses of 
TDF induced a Fanconi syndrome with 
tubular phosphate loss and osteomala-
cia (8). Randomised trials have dem-
onstrated a good safety profile of TDF, 
but showed an increased frequency of 
hypophosphatemia (9). Most investiga-
tions so far, however, have focused on 

glomerular filtration rates (10) and se-
rum phosphate, even though a compro-
mise in renal function is not expected 
in Fanconi syndrome and normal serum 
phosphate levels may be preserved by 
increased phosphate mobilisation from 
bone, thus masking increased renal loss 
(11). More sensitive methods have re-
cently been developed and revealed a 
diminished renal phosphate resorption 
(hyperphosphaturia) in patients treat-
ed with TDF (12). Moreover, a large 
HIV-cohort has demonstrated that TDF 
therapy is associated with a significant 
increase in serum alkaline phosphatase 
(13).
In our patient preexisting renal damage 
and cotherapy with lopinavir/r represent 

risk factors for TDF nephrotoxicity. 
Lopinavir/r increases tenofovir serum 
levels and also may inhibit MDR4, with 
both mechanisms then contributing to 
intratubular tenofovir accumulation (4, 
14, 15). It is interesting to note that lopi-
navir/r was also used in all other three 
cases described (2, 3) . 
This complication of TDF therapy is 
likely to become more prevalent in the 
future because lopinavir and TDF are 
increasingly used in HIV treatment. 
Awareness is needed by infectious dis-
eases specialists, rheumatologists and 
nephrologists to link the typically pro-
longed onset of clinical symptoms with 
drug exposure and then establish the 
correct diagnosis.

Table I. Course of the patient’s laboratory test results before, during and after TDF exposure from July 2006 until August 2007.

Month/year 07/2005 11/2005 06/2006 11/2006 03/2007 06/2007 07/2007 07/2007 09/2007 10/2007 10/2007 11/2008

Serum creatinine (μmol/L) 68 65 66 97 117 110 132 136 117 102 110 97

GFR (ml/min) 47 58 57 39 32 34 28 28 32 37 34 39

Serum calcium 2.7  2.5 2.4 2.5  2.4  2.5 2.5 2.4 2.6 
    (2.0–2.6 mmol/L) 

Serum alkaline phosphatase 89 105 119 313 560 498 349 308  224 219 57 
    (39–117 U/L) 

Serum phosphate        0.6  0.6 1.1 1.5 1.1
    (0.9–1.5  mmol/L)       

Fig. 1. Skeletal scintigraphy (September 2007) showing multiple pseudofractures (Looser’s zones).
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